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ABSTBACT 

Three extrinsic factors were manipulated, in a 
problea-solving task perforaed by 80 ten-year-old children of I Q 
90-110. The factors were: the presence or absence of the naae of the 
concept given in feedback, specific instructions, and whether the 
child was allowed to verbalize. , The task was a aodification of 
Vygotsky's experiaent on concept foraation using concrete aaterial. 
The perforaance criteria were: tiae taken to solution, nuaber of 
moves, and aaonnt of verbalization. .The presence of the naae of the 
concept given in feedback speeded the tiae to solution and reduced 
the nuaber of aoves required. . Specific instruction speeded the 
solution but did not reduce the nuaber of aoves, whereas 
verbalization reduced the nuaber of aoves but increased the tiae of 
solution. . (Author) 
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Abstract 

Ihree extrinsic factors were manipulated in a problem solving task 
perfonoed by 80 ten year old children of I Q 90 - 110. The factors were: 
the presence^ or absence of the name of the concept given in feedback ^ 
specific instructions^ and whether the child was allowed to veriaalise. 
The task was a modification of Vygotsky's experiment on concept formation 
using concrete material. The performance criteria were: time taken to 
solution^ number of moves ^ and amount of verbalisation. The presence 
of the name of the concept given in feedback speeded the time to solution 
and reduced the ntamber of movei required. Specific instruction speeded 
the solution but did not reduce the number of moves; whereas verbalisation 
reduced the niomber of moves but increased the time of solution. 
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Intxoduction 

Previous experioe ite ixi problem solving (reported in Simort and Newell 
1971, Bourne et al \971) have oxandned a number of independent linguistic 
variables such as ;ipontaneoxis verbalisation and the anount eind nature of 
verbal instructions. Little researdi has been done manipulating the 
presence of the n?i23e of ttxe conccxpt given in feedback to the 3^ 
as he is in tiie pris^cess of solvir.g the problem. Previous research has 
also concentr5>i,ed mainly on the time taken to solve the problem as being 
the roost in^K^rtant and meaningful performance criterion. Ohe evidence 
coacemino rthe ctfects of verbalisation is unclear and, at times/ 
contradictory; for exaxnple, Gagn^ and Smith (1962) found that verbai- 
isation did not facilitate problem solving when time to completion 
was the criterion, but it did ensure a far greater accuracy^ 

HowBTOr, this last feature >ay more likely be a f motion of the increased 
time to solution. Marks (1951) found a high correlation (.83) between 
performanoi and veadbalisation. Klein (1963) has shotm that non-forced 
verbalisation or •soliliquising^ of young children left alrme witix a 
problem solving task had different functions: either as an indicate 
of a regulatory medxanism or as an indication of different ecctip 
states. Beaudichon and Meiot (1971 , 1970) consider tiiat, depen^^ 
the type of function that the ciiildjfen's verbalisation is forced by the 
experimenters to carry, it is possible to eaqoect marginal facilitation 
or impairmeric in solving the problem against time • Has lerud and Meyers 
(1958) cite a study by Hendrix (1947) whicii suggested the superiorly 
for transfer of •not-verbalising* versus 'verbalising' by subjecte 
•themselves in solving mathematical problems. Rosenbaum (1967) found that 
the performance in a maze pnAlem solving task was inpaired by forced 
ve^alisation. Bruce (19'^ ) ijuggeste that much verbalisation inpairs 
problem solving (mainly measured in time taken) because it is largely 



-3- 



irrelevant to the task confronting the subject. Furthermore/ some of 
the incon sLstencies about the role of vea±)alisation in prcblem solving- 
tasks are due in part to the inadequate consideration given to the 
task Variables. 



Hie evidence concerning the effects of specific instructions is confusing; 
for exanple, Ewart and Lanbert (1932) found a large difference between the 
pi^rformance of groups who were given a verbally stated principle of 
solution in the instructions^ and groips who were not. Corman (1957) failed 
to find any significant difference in perfonnance among gro\jps given 
various amounts of verbal instructions. l!his result is broadly supported 
by the findings of Gagne and Smith (1962) Alternatively^ Haslerud and 
Meyers (1958) actually found an experimental situation where verbally 
stated principles of the solution of cryptograms when given in the 
instructions, injjaired the solution of new cryptograms r 

Marks (1951) found that no significant effects were produced with suibjects 
who were given a typed list of concept information. Katona (1940) has 
shown that verbal instructions are much less effective than showing the 
•subject by example.' ^ 

Handler (1967) , Norman (1970) , and Posner (1969) can be seen as offering 
a reconciliation of these apparent inconsistencies of the effects of 
different amounts of instructions. It is that these inconsistencies may 
be due to the subject being able to remenber and/or process certain types 
at: instructions (or principles) more easily than others. In order that 
the subject be able to utilise the concept information given him by the 
ejqperimenter, he must have processed it in some way* It has been debated 
by Legrenzi (1971) for exanple, Aether the subject utilises more 
ef^ctively his own discovered concepts or whether he benefits (in terms 



Of speed of solution of the problem) from being given information about 
. : : ;tte !Oon^^^ 1945, . . / 



We::theimer 1956) have thought that the main purpose of specific 
instructions represents a 'restructuring of the field*, a 'reorganising 
of the tasks or 'seeing the prdbleo in a new way'. 

Previous e:q?eriniQnts (Wason 1968, 1969) have established that it is 
very difficult to examine the development of a siibject's understanding 
and use of a specified abstract concept. Disjtinctive concepts are more 
often used than conditional concepts (Wason and Johnson-Laird 1972) , so that 
the subject tends to use inconplete concepts, or concepts which are not 
entirely understood, as steps towards a final solution. Wason and Shapiro 
(1971) have shown that great difficulties with problem solving tasks exist 
when abstract and not concrete material is. used. It was therefore 
decided to choose a problem in which concrete material was vsed. 

Given the at times contradictory evidence concerning the effects of the 
three e:qperimental factors that were manipulated the following predictions 
formed the basis of the investigation reported here: 

1. The presence of the name of the concept given in feedback to 
the subject as he solved the problem would speed the time to 
solution and reduce the nunfcer of moves for two reasons. 
The child woxild be given a name around which to conceptualise; 
and at the same time as the child solved one group, he 
would be able to start grouping other groijps according to 
their name. 

2. Th^? presence of specific instructions would be of no signi.ficant 

advantage because the subject would not oe able to T:ise 

concepts given to him externally so effectively as those he 

was able to der,^ ve for himself. 
3^ The ability to verbalise would impair the problem solving 

because it was likely to be an irreievaat parallel process 

(Purth 1975). 5 



Bxe present ejqDeriment is a taodification of a classic experiment in 
concept formation perfenaad by Vygotsl^ in 1939 (reported in V^gotsky ; 
1962). The purpose of vygotsky's inv^3rJ.gation was to see ^^w^ 
the relational concepts of varydLng combinations of hei^t and cross- 
section whidi together were not normally coded in Russian, could 
discovered with the aid of the name of the concept being given in 
feedback. Vygotsky did not conpare the effects of the presence versus 
the absence of the name of the concept. The children in vygotsky'^s 
experiment were able to use two 'ideal strategies': /focusing" and 
■scanning" in the solution of the problem set them CBoyle 1971, pp 
107 - 109) . 

The purpose of the present experiment was to manipulate the following 
factors: the presence of the name of the concept given in feedback, 
specific verbal instructions, whether the child was allowed to verbalise; 
and the measures of performance werey time taken to solution, the 
number of moves to solution, and the amount of verbalisation when allowed. 

Experimental Design 

A three-factor independent subjects design was enployed manipulating 
three e3q>erimental parameters: 

1. whether the name of the concept was given by a single word in 
feedback to the child in the process of the task, (A. ./B..); 

2. whether the two concepts defining eacti group viz: height and 
cross-section were specifically referred to in the instructions, (.I./.2.) 

3. whether external verbalisation by the child was permitted. 
In this context, verbalisatioTi was taken to be a free use of 
language with no instructions to •teOk out' the solution of 

^^the problem, (..A/..B). 

VbiB grave the following eight experimental condiUons : 



. p-^ The Naice of Concep t „ 

In Feedback Specific Instruction Verfaalisatlon 

AlA absent absent absent 

absent absent - present 



A2A 


absent 


present 


absent 


A2B 


absent 


present 


present 


BIA 


present 


absent 


absent 


BIB 


present 


absent 


present 


B2A 


present 


present 


absent 


B2B 


present 


present 


present 



As there was practically no sub-vocal speech as discussed by Flavell, 
Beach and Chinsky (1966), verisalisation in this experinant was defined 
^ as. conprehensible speech involving syntax and lexis; in tliis way, 

unstructured noises were excluded from the time measurement of .Ve«jalisation, 
StJbjects 

The subjects were 80 children (42 male and 38 female) at junior schools 
aged between ten yeass one month and ten years ' eleven months . The 
choice of . the age-group of the children was determined by the findings 
of Saltz et al (1972) who suggested that the development of natural ' 
language concepts had been largely achieved by ten to eleven years of age. v 
Their I Qs were in the range 90 - 110 obtained on a Moray House Non-Vezbal ' 
test. The children were assigned randomly to eight experimental groi5>s. 
Each child volunteered to take part Jji the study, and was questioned to 
ascertain that he or she had had no previous acquaintance with the 
problem. No child was, in fact, excluded on those grounds. 
Apparatus 

Asbet of sixteen modified vygotsky blocks; four groups of four of TUR, CEV, 
BBK, MEL. UHER 2000 portable tape recorder - to record the duration of 



Task * . ^ - ^ 

f - - 
jjlocks had to be grouped according to the followi^^^ four caicepts 
taU + Large surface area / 
qsv short + Small surface area • 
BEK short + Large surface area 
MBL tall + Small surface area 

The following rodificaUons to Vygotsky's 1939 e^^^riment were made: 

1. the number of blocks was reduced to sixteer; from Vygotsky's 
twenty-two in order to make the task sin^ler. 

2. the blocks were all of the same coloar thus making the task 
sinpler and r^^moving a source of possible variation. 

3. the words used to code each groxip were TUR CEVv 

These are altcs rations of the original nonsense wrds Be ^ 
by vygotsky because some of his clxaipes were thought 
some significance to English childrenr such as BIK or LAG. 
Procedure 

Each child was given the problem separately in a quiet room. As the 
child sat at a table he was shown the sixteen blodcs in a ran^m 
arrangement on a flat table before him. The child was asked to choose 
one blodc at random from all those in front of him. From then on the 
instructions were according to which experimental grotp the child was 
Group AlA "Here are lots of blocks. Will you find all the 

blocks that belong to the groiap of the one you have 
there? You zmast not speak as you are doing this, or 
ask me any questions. You may start when I s^ now." 
Group A13 Mie same as for Group AlA, except that for the 
diecond sentence the following was substituted: 

\v ■ , not ask me .'iany. questions.- .; 



Group A2A "Here are lots of blocks of aiffererit shapes ^^^^^^ 
sizes. Will you find all the blocks that belong 
to the one group of the one you have there? 
Remember^ tall blocks only go With tall blocks and 
big blocks only go with big blocks. You must not 
speak as? you are doing this, or ask me any questions. 
You may start when I say now';. 
Group A2B The same ,as for group A2A, except that for the 
third sentence the following was substituted; 
"You may talk while you are doing this^ but you must 
not ask me any questions." 

Groups BIA^ BlB^ B2A^ and B2B followed the same schemata except that 
after the first sentence in each case the child was shown the landerside 
of the block he had selected and told: "This is a CEV (or whatever) 

The child was told "now" and timing was started. Every time the child 
moved a block into a group this was scored on a conptometer. 

If the child v;as in groups ^^.) where the names of the concepts were 
provided in the feedback^ each time the child made a wrong grouping 
he was corrected in the following way as the interviewer turned the 
block wrongly selected upside down to show the child the word on the base: 
"No, that's wrong. This is a BEK axid you are looking for a CEV." 

If the child was in groups (a--) without the name of the concept given in 
feedback^ each time the child made a wrong grouping he was merely told: 
"No, that's wrong. They are not in the same grotp." 

In each case / when the child had selected the other three blocks of the 
groups he was asked to cjioose another single block and asked to find 
the rest of the blocks in that group. 
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When the child had successfully grovi>ed the sixteen blocks^ tJie titrd 

stopped. For children where verbalisation was perndtted, a tape recorder wais; 

used to record the amount of verbalisation, ihis was tixned later. Howevery ' 

the tape recorder was present at all 80 interviews. 

Results ■ . 

(Insert histograms r figures I and 11} 

A three Factor J^alysiS of Variance yielded the following results: 
The presence of the name of the concept given in feedback weis 
found to speed the time of solution (F = 47.23| df = 1,72; p = .001) , ' 
reduce the number of moves (F = 65.84; df = 1,72; p - .001)> and 
reduce the amount of verbalisation as a proportion of the total time 
taken (F = 37.94; df = 1,36; p = .001) . 

The presence of specific instructions reduced the time taken (F = 41.79; 
df = 1,72; p = .001), but t3iLd not reduce the number of moves (F = 3.46; 
df =-1,72; p = NS) : it did however reduce the amotont; of verbalisation 
as a proportion of the total time taken (F = 13.78; df = 1,36; p = .001). 

The ability to verbalise produced a significant increase in the time 
taken to solution (F = 6.2i; df = 1,72; p = .05), but reduced the 
number of moves (F = 5.35; df = 1,''2; p = .05). 

There was no significant variation within groups for time (F 5= .83; 

df = 7,72; p = NS), for moves (F = .72; df = 7,72; p = NS) or proportion 

of verbalisation (f = 2.84; df = 3,36; p = NS) . 

There were no significant interaction effects. 
Discussion 

Most of the performance measures were reduced as increasing presence of 
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the ejqDerimental vairiables weis introduced. There are, however, some '-.-'''^M 
exceptions to these general findings: both A2B and B2B take longer vf] 
than A2A and B2A to solve. Both these differences 2u:e. shown to be significantly^^ 



different at p « «05» It Is contendad that in these cases the addition 
of verbalisation tends to act as a ••regulatory nechanism" as Klein (1963) 
suggests. These exceptions are conpatible with the anidysis of variance 
results that suggest that there is an increase in the time taken to solve 
the problem when verbalisation is permitted. This result is conipatible 
with the findings of Gagne & Smith (1962) « In coiqparing the effect of 
verbalisation, the nimiber of moves taken to reach a correct solution is 
found to increase from condition B2 A to B2B* This is not a significant 
difference and can be accounted for by possible sanple variation. 

The presence cf the name of the concept given in feedback produces a 
significant reduction in the time taken and in the nusber of moves 
required for solution, as well as a reduction in the amount of verbalisation. 
This can be eacplained by considering the situation when the child is 
given the name of the concept and when he is not. In the former the 
child is able to use both "scanning" and '•focussing strategies", whereas 
in the latter he is only able to use a "scanning strategy*" (Boyle 1971). 
Furthermore, by being given the name of the concept in feedback the 
d^ld is able to carry out simultaneously the matching of at least one 
more group, as he picks tp one block after another, and is given the 
concept name. 

Ohe presence of specific ins tructicms produced no significant reduction 
in the number of moves taken # but did* produce a significant reduction 
in the tltae taken. This is possibly because specific ijistructiohs f 
the speed of coding of the concept information, whilst leaving the 
nunber of moves required unaffected. This ajypears to clear 19 some of 
the confusion between the wosdc of sudi people as Ewart and Lambert (1932) , 
Corsau (1957) and Haslerud and Meyers (1958) lAo disagree about the 
e^ect of vei±al Instructions on problem solving as they used different 
performance measures (either . time or moves taken) • 



Bie facility of diildren to verbalise produced a significant drop in 
the nunber of noves required for solution ^ but produced a significant 
Increase in the time taken to solve the problem. In this situation 
the child is thought to be "talking out the .problem" by making hypotheticfiO. 
"trial and error" moves without actually making them. Uiis was very 
noticeable in the eaqperiments when children often hesitated with their 
hand above a block and discussed with themselves whether or not they 
should pick it Mp. Often they did not, but rather picked vp another 
block. 

When verbalisation is permitted, there is a significant reduction in the 
actual amount of verbalisation between conditions of the presence of the 
name of the concept given in information or the absence, and conditions 
of the presence of specific instructions. This can be e:5>lained by 
considering that the presence of verbal information in the specific 
instructions appears to make some of the child's verbalisation unnecessary. 
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Table 1 



Correlations between the niamber of moves and 
time taken for each child 



Condition 
AlA 
AlB 
A2A 
A2B 
fllA 
BIB 
B2A 
B2B 



Correlation 
+.G/ 
O 

+.63 
+.39 
+.71 
+.43 
+.53 
-.62 



P V2due 
*001 
N.Sig. 
.01 
.05 
.01 
.05 
.05 
.01 
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nie reasons for this are ei.ther that some of the diild's prelim^ 
concept formation has been done for him^ or that the specificity of the 
instiructions removes some of the possible groupings • In this respect the 
results are at variance with those of Legreai (1971) v who; found that 
subjects who discovered their own rules of solution performed be,tter 
than those who were given rules of solution . This difference can be 
reconciled because he did not enploy a problem in which the name of the 
concept was given in feedback throughout the whole process of solut ion. 
The absence of any significant interactions proves that the three 
factors are truly independent factors and that their effect will be felt 
individually even when combined with the other remaining factors for 
time or numbers of moves for solution. 

The correlation coefficients (Table 1) for the ten children within each 
condition yielded results consistent with the previous findings. In all 
the groups where verbalisation is not allowed^ significantly positive 
correlations- are obtained. This is not partic\:> >^ surprising as it 
would be expected that the more time that a child took, the more moves he 
would make and vice-versa. 

However, in the groiq? where verbalisation is permitted, significant 
negative, zero, or insignificant positive correlations are obtained.' In 
condition B2B there is a significant negative correlation. This can 
be ejqplained by considering the fact that the child is "talking out the 
problem" rather than "moving out the problem". Again this is consistent 
with data on the presence of verbalisation. 

Ihis can be explained by assuming that the time taken is relatively 
Independent of the nuidaer of moves made and vice-versa. These results 
are consistent wi^ those from the analysis of variance for the presence 
6jryazbali8ation, i^cfa shows an increase in time, and a significant 
n <' ^^^'^o'^ f» ateber of moves madia to solution. 



•Ihe results from the three analyses of vul an ce support the notion 
of effiployiag more than one performance measure^ in that previously 
conflicting reseaxdh findings can be re^nciled. . 

The investigation has found that the presence of the name of the concept 
given in feedback is of inportance in facilitating problem solving 
involving abstract concept formation. It has also been shown that specific 
instructions can speed the solution of the problem; and that to permit 
verbalisation can help to reduce the number of moves necessary in 
problem solving. 
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